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ABSTRACT
We use data from the Sydney-AAO Multi-object Integral-field spectroscopy (SAMI)
Galaxy Survey to study the dynamical scaling relation between galaxy stellar mass
M∗ and the general kinematic parameter SK =
√
KV 2rot + σ
2 that combines rotation
velocity Vrot and velocity dispersion σ. We show that the logM∗−logSK relation: (1) is
linear above limits set by properties of the samples and observations; (2) has slightly
different slope when derived from stellar or gas kinematic measurements; (3) applies to
both early-type and late-type galaxies and has smaller scatter than either the Tully-
Fisher relation (logM∗−log Vrot) for late types or the Faber-Jackson relation (logM∗−
log σ) for early types; and (4) has scatter that is only weakly sensitive to the value
of K, with minimum scatter for K in the range 0.4 and 0.7. We compare SK to
the aperture second moment (the ‘aperture velocity dispersion’) measured from the
integrated spectrum within a 3-arcsecond radius aperture (σ3′′). We find that while
SK and σ3′′ are in general tightly correlated, the logM∗ − logSK relation has less
scatter than the logM∗ − log σ3′′ relation.
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1 INTRODUCTION
Galaxy scaling relations correlate observable quantities of
galaxies and capture trends among physical properties.
These properties can include galaxy stellar mass (M∗), half-
light radius (Re), rotation velocity (Vrot), velocity dispersion
(σ), luminosity (L), surface brightness (Σ) and other mea-
surable quantities (McGaugh et al. 2000; Pizagno et al. 2005;
Courteau et al. 2007; Avila-Reese et al. 2008; Catinella et al.
2012). For example, the Faber-Jackson relation (FJ; Faber
& Jackson 1976) connects σ and L while the Kormendy re-
lation (Kormendy 1977) links Σ and Re.
Galaxy scaling relations are convenient in predicting
physical galaxy properties because they do not require ana-
lytic modelling of a galaxy’s internal dynamics. Using scaling
relations to estimate quantities such as distance and mass is
efficient when the sample size is too large to obtain detailed
observations or to perform individual analyses.
Scaling relations such as the FJ and Kormendy relations
have significant intrinsic scatter that impacts the precision
of their predictions. Sample pruning and target selection
are necessary to produce tight relations. For morphologi-
cally defined classes of galaxies, the Tully-Fisher (TF; Tully
& Fisher 1977) relation provides a tight relation between
L and Vrot for disk-dominated galaxies and the Fundamen-
tal Plane relation (FP; Dressler et al. 1987; Djorgovski &
Davis 1987) tightly relates Re, σ and Σ for bulge-dominated
galaxies.
Galaxy scaling relations reflect physical mechanisms at
work within galaxies. They enable us to gain deeper under-
standing of galaxy structure, formation and evolution. For
example, Kassin et al. (2012) examined Vrot/σ across red-
shift and found that galaxies accrete baryons faster earlier
in their life-cycles, but that as galaxies evolve their accre-
tion rate and gas content decrease; Obreschkow & Glaze-
brook (2014) demonstrated that the scaling relation between
baryon angular momentum (j), stellar mass (M∗) and bulge
fraction (β) of spiral galaxies (Peebles 1969; Fall 1983), can
produce and explain the FP (and FJ) scaling relation; Lagos
et al. (2017), using cosmological simulations, later confirmed
the correlation between galaxy mass and specific angular
momentum, and the evolution of the M∗–j scaling relation
in passive and active galaxies. Kinematic scaling relations
are also useful in the study of the dark matter content of
galaxies. For example, Desmond & Wechsler (2017) used the
FP to predict the amount of dark matter in the central re-
gions of elliptical galaxies and suggested the deviation of the
FP from the virial prediction (also known as the tilt of the
FP) can be explained by non-homology in galaxy structure
and variations in mass-to-light ratios; Ouellette et al. (2017)
also found that the tilt of the FP correlates with the dark
matter fraction of each galaxy.
The TF relation applies to disk-dominated galaxies
(Bloom et al. 2017) while the FJ and FP relations apply
to spheroidal galaxies. Incorporating galaxies of other mor-
phologies into these scaling relations not only increases the
scatter, but also changes the slopes and intercepts of the re-
lations (e.g. Neistein et al. 1999; Iodice et al. 2003; Williams
et al. 2010; Tonini et al. 2014), consequently reducing the
accuracy and reliability of the quantities derived.
The scatter around the stellar mass versions of the FJ
and TF relations can be reduced by replacing the rotation
velocity or velocity dispersion, respectively, with the SK pa-
rameter introduced by Weiner et al. (2006):
SK =
√
KV 2rot + σ
2 (1)
where K is a constant, commonly taken to be 0.5 (e.g.
Weiner et al. 2006, Kassin et al. 2007, Covington et al. 2010,
Kassin et al. 2012, Cortese et al. 2014 (hereafter: C14), Si-
mons et al. 2015, Straatman et al. 2017, Aquino-Ort´ız et al.
2018 (hereafter: A18)). By combining Vrot and σ, SK pro-
vides a common scaling relation for both early-type galax-
ies and late-type galaxies (Kassin et al. 2007). Furthermore,
C14, using data from the Sydney-AAO-Multi-object IFS (In-
tegral Field Spectroscopy) Galaxy Survey (hereafter SAMI
Survey; Croom et al. 2012; Bryant et al. 2015) early data
release, and A18, using data from the Calar Alto Legacy
Integral Field Area survey (CALIFA; Sa´nchez et al. 2012),
showed that SK can bring together the gas and stellar kine-
matic measurements of galaxies of all morphologies onto a
single dynamical scaling relation. Numerical simulation has
shown SK is minimally affected by the blurring effect due
to seeing (Covington et al. 2010). Therefore, SK is promis-
ing in the construction of a unified galaxy scaling relation
that is robust with respect to morphologies and sub-optimal
observing conditions.
While SK has been a popular kinematic estimator and
mass proxy, there are still a number of outstanding is-
sues: (i) while K is commonly taken to be 0.5, this value
has not been quantitatively justified; (ii) C14 found a non-
linearity in the logM∗–logSK relation below a stellar mass
of∼ 1010M, but the existence and location of this change in
slope (which determines the limit of validity for the scaling
relation in low-mass galaxies) has not been reliably deter-
mined; and (iii) there remains the question of how SK re-
lates to aperture velocity dispersion (σap) from single-fibre
surveys.
We use the latest data release from the SAMI Survey
to expand on the work of C14, and explore various aspects
of the logM∗–logSK scaling relation. Our work is struc-
tured as follows. In Section 2, we describe the data reduc-
tion, kinematic measurements, and sample morphologies. In
Section 3, we construct SK from the gas and stellar mea-
surements of our sample; compare SK to aperture velocity
dispersion (σ3′′) measurements; and explore the sensitivity
of the scatter of the relation for different values of K. In
Section 4, we compare our results to observations in the lit-
erature and discuss factors that influence the value of K. In
Section 5 we summarise our findings. We assume throughout
a ΛCDM cosmology with ΩM = 0.3, Ωλ = 0.7 and H0 = 70
km/s/Mpc.
2 DATA AND METHODS
The SAMI Survey uses the AAOmega dual-beam spectro-
graph on the Anglo-Australian Telescope at Siding Spring
Observatory (Sharp et al. 2006). SAMI obtains integral field
spectra by using 13 fused-fibre hexabundles, each containing
61 fibres (Bland-Hawthorn et al. 2011; Bryant et al. 2014).
The SAMI spectra cover the wavelength range 3750–5750 A˚
at a resolution of R≈ 1800, and 6300–7400 A˚ at a resolution
of R≈ 4300 (Scott et al. 2018). These give dispersion reso-
MNRAS 000, 1–14 (2018)
SAMI mass-kinematics scaling relations 3
(1) (2) (3) (4) (5)
Sample Selection criteria Number of galaxies with All have both gas and Used in
for each galaxy gas/stellar measurements stellar measurements? Figure(s)
A All of Vrot, σ, S0.5 must have 410/270 False 2
less than 5% error for each galaxy
B S0.5 has error 1256/1574 False 1
less than 5% 3
B1 ∆Vi < 20 km/s, ∆σi < 0.1σ + 25 km/s 859/839 False 4
S0.5 has error less than 5%
C Measurements for gas 223/223 (Vrot) True 5
and stellar kinematics 961/961 (σ) True
have error less than 5% 904/904 (S0.5) True
D Both S0.5 and σ3′′ 864/1141 False 6
have error less than 5% 7
E Both Vrot and σ for both 410/410 (ETG) True 8
gas and stellar measurements 232/232 (LTG) True
have error less than 10% 737/737 (All types) True
Table 1. Sample selection criteria and description. All samples had the additional criterion of minor-to-major axis ratio less than 0.95.
lutions σres of 70 km/s in the blue arm where we obtain the
stellar kinematics, and 30 km/s in the red for gas kinematics.
The SAMI Survey includes both field and cluster galax-
ies (Owers et al. 2017) with redshifts 0.004 < z < 0.095,
r-band Petrosian magnitudes rpet < 19.4, and stellar masses
107–1012M. The stellar masses of SAMI galaxies are esti-
mated as (Bryant et al. 2015):
log(M∗/M) =− 0.4i+ 0.4D − log (1 + z)
+ (1.2117− 0.5893z)
+ (0.7106− 0.1467z)× (g − i) (2)
where M∗ is the stellar mass in solar mass units, D is the
distance modulus, i is the rest frame i-band apparent mag-
nitude, and g − i is the rest-frame colour of the galaxy, cor-
rected for Milky-Way extinction (Bryant et al. 2015). More
on the SAMI Survey and instrument can be found in Croom
et al. (2012).
2.1 Data Reduction and Sample
SAMI data reduction consists of two stages, reducing raw
data to row stacked spectra (RSS) using 2dfdr1 and data
cube construction from the RSS using the SAMI Python
package (Allen et al. 2014). The details of the data reduction
and data cubing processes can be found in Allen et al. (2015),
Sharp et al. (2015), and Scott et al. (2018).
We used gas and stellar kinematic maps extracted from
SAMI internal data release v0.10 data cubes. For the stars,
the velocity and velocity dispersion maps are measured us-
ing the penalised Pixel Fitting method (pPXF; Cappellari &
Emsellem 2004). pPXF extracts the stellar line-of-sight ve-
locity distribution (LOVSD) in each spatial pixel (spaxel)
from the observed spaxel spectrum assuming a Gaussian
1 https://www.aao.gov.au/science/software/2dfdr
form:
L(v) = e
−y2/2
σ
√
2pi
(3)
where y = (v − V )/σ. The (V, σ) parameters of this model
can be retrieved using a maximum likelihood optimisation.
More details of the fitting routine can be found in van de
Sande et al. (2017a). At the time of this writing, the stellar
kinematic data sample includes 2720 galaxies, all of which
have also been fitted by the LZIFU (Ho et al. 2014) rou-
tine for Hα emission line detection and measurement of the
velocity and dispersion of the gas component using the one-
component fit results.
Using the extracted SAMI stellar and gas kinematic
maps, we select the spaxels as follows. First, spaxels are col-
lected within an elliptical aperture with a semi-major axis
of one effective radius. For all SAMI galaxies, their semi-
major axis, position angles and ellipticity are determined us-
ing Multi-Gaussian Expansion (MGE, Emsellem et al. 1994)
fitting to r-band images from either the VLT Survey Tele-
scope (VST) ATLAS (Shanks et al. 2015; Owers et al. 2017)
survey or the Sloan Digital Sky Survey (SDSS). Contrary to
C14 and A18, where spaxels are selected based on the ab-
solute errors in velocity and velocity dispersion, we do not
perform spaxel-level quality cuts other than requiring galax-
ies to have more than 5 spaxels within the aperture while
rejecting empty spaxels. Instead, we perform an overall rela-
tive error cut on the kinematic parameter being investigated,
only keeping galaxies with relative kinematic error less than
5–10%. Rotation velocity, velocity dispersion, SK and asso-
ciated error calculations are described in the next section.
However, for comparison, we also produced scaling relations
with similar quality criteria at the spaxel level, using only
spaxels with velocity error ∆Vi < 20 km/s, velocity disper-
sion error ∆σi < 0.1σ + 25 (van de Sande et al. 2017b), on
top of the 5% error cut on the final kinematic quantities.
Details are shown in section 3.3.
Depending on the kinematic parameter to be studied
MNRAS 000, 1–14 (2018)
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Figure 1. Panel (a) shows the mass distributions of sample B
with various kinematic measurements available: red represents
galaxies with stellar kinematics, blue represents galaxies with gas
kinematics, and black represents galaxies with both gas and stel-
lar kinematics. Panel (b) shows the visual morphology distribu-
tion of sample B: red bars represent galaxies with stellar kinemat-
ics, blue bars represent galaxies with gas kinematics, and black
bars represent galaxies with both gas and stellar kinematics.
and the selection criteria, our parent sample of 2720 galax-
ies is divided into 5 sample groups (groups A–E). The se-
lection criteria and sample group descriptions are listed in
Table 1. For investigation of the logM∗–logSK scaling re-
lation we used sample B. Sample B includes gas-kinematics
measurements for 1256 galaxies, stellar-kinematics measure-
ments for 1574 galaxies, and 904 galaxies have both gas and
stellar measurements. Galaxies in sample B have a median of
∼70 spaxels. The stellar mass histogram in Figure 1a shows
that sample B is relatively complete in the high-mass (≥
1010M) range, but with sufficient numbers of galaxies in
the low-mass range to constrain a scaling relation.
2.2 Galaxy Kinematics
To calculate the rotation velocities of the gas and the stars,
we use the velocity histogram technique, following Catinella
et al. (2005) and C14. The histogram technique is simple
to implement and, in the process of calculating the velocity
width, the Hubble velocity and peculiar velocity of the sys-
tem naturally cancel. We calculate the velocity width W be-
tween the 90th and 10th percentile points of the histogram
of spaxel velocities within one r-band effective radius (re)
elliptical aperture. Then we perform redshift (z) and incli-
nation (i) corrections using an inclination angle estimated
from the r-band minor-to-major axis ratio (b/a) which is ob-
tained from the MGE fit to VST and SDSS images. We do
not perform luminosity weighting on the rotation velocity.
The rotation velocity is calculated as:
Vrot =
W
2 sin i (1 + z)
(4)
where the inclination of a galaxy is calculated as
cos (i) =
√
(b/a)2 − q20
1− q20
(5)
and q0 is the intrinsic axis ratio assumed to be 0.2. (Catinella
et al. 2012). For edge-on galaxies with axis ratio less than
0.2, we do not perform inclination correction. We removed
∼60 galaxies that had axis ratio more than 0.95. We chose to
retain edge-on as well as near face-on galaxies in our sample,
because one of the main purposes of the study is to find a
relation that is as inclusive as possible, without introducing
a significant amount of outliers. We explored different sam-
ple constraints and found that b/a > 0.95 was a reasonable
compromise, excluding galaxies lying significantly far from
the scaling relation, while being as inclusive as possible.
The effective velocity dispersion σ of a galaxy is mea-
sured as the weighted mean of velocity dispersion measure-
ments of each spaxel within an aperture radius of one effec-
tive radius, where the weight is the mean continuum flux:
σ2 ≡
∑
i Liσ
2
i∑
i Li
(6)
We highlight that we do not perform any spaxel-level quality
cut here, other than having at least 5 non-empty spaxels. We
then calculate S0.5 as per Equation 1, with K = 0.5. We use
bootstrapping to calculate the standard deviations of Vrot,
σ and S0.5 to use as uncertainties. The bootstrap method
involves randomly sampling the same number of spaxels as
the total number of spaxels within the aperture, allowing
for repeated selection of spaxels, and calculating Vrot, σ and
S0.5. This step is carried out 1000 times to ensure the ran-
dom samples represent the parent samples.
2.3 Galaxy Morphologies
Galaxy morphologies in the SAMI sample vary from ellip-
tical galaxies to late-type spiral and irregular galaxies. All
SAMI galaxies are visually classified using the SDSS DR9
MNRAS 000, 1–14 (2018)
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Figure 2. SAMI scaling relations from sample A: (a) Tully-Fisher, (b) Faber-Jackson, and (c) generalised S0.5 scaling relation. Red dots
represent galaxies with stellar measurements, blue triangles represent gas measurements. The observed scatter measured from the median
absolute deviation for each scaling relation is annotated in each plot. In panel (b), the red and blue vertical dotted lines represent SAMI
spectral resolutions, 70 km/s and 30 km/s, respectively. In panel (c) the orange solid line is the best fit line to the stellar logM∗–logS0.5
scaling relation, and the cyan solid line is the best fit line to the gas scaling relation. Relations found by C14 and A18 are included for
comparison; they are represented by the black dashed line and black dotted line respectively.
(Ahn et al. 2012) RGB images by 12 members of the SAMI
team following the classification scheme adopted in Kelvin
et al. (2014). Here we briefly summarise the classification
scheme. First, judging by the presence/absence of a disk or
spiral arms, the classifier determines whether a target is an
early-type or late-type galaxy. Then in each class, classifiers
visually determine if the galaxy contains a bulge (for late-
type galaxies) or a disk (for early-type galaxies). Early-type
galaxies with only a bulge, and without any disk component,
are identified as elliptical (E) galaxies; early-type galaxies
that show both bulge and disk components are identified
as lenticular (S0) galaxies. Late-type galaxies all have spi-
ral arms by classification definition; if there is a prominent
bulge, they are classified as early-spiral galaxies; if there are
only spiral arms without a central bulge, then they are clas-
sified as late-spiral or irregular galaxies. Where the SDSS
image does not show enough features, or a consensus (>67%)
among classifiers is lacking, the galaxy is classified as Un-
certain (Cortese et al. 2016). For sample B, where we have
the most galaxies for studying the logM∗–logS0.5 relation,
their morphology distribution is shown in Figure 1b. There
are relatively more early-type galaxies (E to S0 classes) in
the stellar sample than the gas sample, and more late-type
galaxies (early to late spiral classes) in the gas sample than
the stellar sample.
Interacting galaxies, such as mergers, are typically re-
moved from galaxy scaling relation studies. However, in
our scaling relations, in order to obtain a scaling relation
with minimal sample selection, we do not remove interact-
ing galaxies from the main sample (sample B). The impact
of merger galaxies is quantified further in section 3.2.
3 SAMI SCALING RELATIONS
3.1 S0.5 reduces scatter
In this section we demonstrate the advantage of using the
S0.5 parameter in dynamical scaling relations in contrast
to using Vrot and σ alone when using IFS data. In both
C14 and A18, the logM∗–logS0.5 scaling relation showed
significant reduction in scatter when compared to the TF
relation using Vrot and FJ relation using σ. For comparison,
we perform the same comparison between S0.5, Vrot and σ
using sample A (as described in Table 1). In sample A, for
each of the gas and stellar kinematic measurements, all of
S0.5, Vrot and σ have less than 5% error for all galaxies.
Figure 2 shows the correlation of stellar mass (M∗) with
Vrot, σ, S0.5 (i.e. the stellar mass TF, FJ, and combined S0.5
scaling relations) as constructed from sample A data. We
perform maximum likelihood linear fitting to all the scaling
relations in Figure 1, and measure their orthogonal median
absolute deviations as their scatter. The fitting method is
described in more detail in section 3.2.1; in this case we fit
a simple linear relation with no cut-off. As can be seen from
the annotated scatter values in the figure, for both the gas
and stellar versions of these scaling relations, the logM∗ −
logS0.5 relation consistently has less scatter than the TF and
FJ relations. We also use morphologically-selected samples
to compare the TF relation using LTGs, the FJ relation
using ETGs, and the logM∗− logS0.5 scaling relation using
both LTGs and ETGs. S0.5 continued to provide the tightest
scaling relation.
A caveat here is that our Vrot measurements for late-
type spiral galaxies do not reach the peak of their rotation
curves, hence they cannot accurately trace the potentials of
MNRAS 000, 1–14 (2018)
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Figure 3. SAMI stellar and gas S0.5 scaling relations from sample B. The black solid line shows the line of best fit, with fitting
parameters shown in Table 2. Red dashed and dotted lines show 1 and 3 RMS distance from the line of best fit. Triangular points are
galaxies >3 RMS away from the line of best fit, and are excluded from the fitting routine. The magenta vertical and horizontal dotted
lines show the location where the distribution of points deviate from a linear relation, which we fit as the sample limit. These limits
occur at different S0.5 values and different stellar masses for the stellar and gas samples: S0.5,lim,stellar = 59 km/s for the stellar sample,
S0.5,lim,gas = 23 km/s for the gas sample.
Sample Figure Y Slope (a) Intercept (b) Ylim [km/s] M∗,lim[M] Scatter (MADorth)
B 3a S0.5,stellar 0.37± 0.01 −1.77± 0.06 58.3± 1.0 109.56 0.048 ± 0.002
3b S0.5,gas 0.42± 0.01 −2.26± 0.06 23.0± 1.0 108.62 0.070 ± 0.002
B1 4a S0.5,stellar 0.35± 0.01 −1.60± 0.10 58.3± 1.0 109.62 0.041 ± 0.002
4b S0.5,gas 0.39± 0.01 −1.99± 0.05 22.4± 1.0 108.56 0.063 ± 0.003
D 7a S0.5,stellar 0.36± 0.01 −1.59± 0.06 67.0± 1.2 109.49 0.049 ± 0.001
7c S0.5,gas 0.40± 0.01 −2.16± 0.06 22.4± 1.0 108.73 0.061 ± 0.002
D 7b σstellar 0.38± 0.01 −1.82± 0.06 67.4± 1.1 109.61 0.068 ± 0.002
7d σgas 0.48± 0.01 −2.98± 0.14 26.3± 1.1 109.17 0.090 ± 0.004
Table 2. Scaling relation fitting results from hyper-fit. All scaling relations have the form as described in Equation 9.
galaxies, and so, in our ‘TF’ relation, Vrot is not as good an
estimator of M∗ as S0.5.
The fits from C14 and A18 (from orthogonal fitting of
the combined gas and stellar mixed sample) are shown in
Figure 2c by the dashed line and dotted line respectively.
There are small differences between the slopes for our gas
and stellar samples, shown in orange and cyan respectively,
both with each other and with the linear relations found by
C14 and A18. However, given the differences in sample se-
lection, survey systematics, and fitting methods, it is hard
to interpret the observed differences in slope as physical dif-
ferences.
3.2 Linearity of the S0.5 scaling relation
C14 constructed the gas FJ and logM∗–logS0.5 scaling re-
lations and observed that the slope became steeper for low-
mass (M∗ < 1010M) galaxies. This change in slope is also
present in our FJ relation in Figure 2b, and the logM∗–
logS0.5 relations in Figure 2c. A bend in these kinematic
scaling relations is expected, as the fitted linear relations
MNRAS 000, 1–14 (2018)
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Figure 4. SAMI stellar and gas S0.5 scaling relations from sample B1. As for Figure 3, except that the galaxy kinematics are measured
after additional spaxel-level quality cuts as described in Table 1; fits are given in Table 2.
would otherwise predict zero motions for low-mass galaxies
(∼ 105−106M). The cause of the bend will be discussed in
more detail in Section 4.1, but for now it is crucial to take
the bend into consideration in fitting the scaling relation. To
locate the change in slope in our logM∗–logS0.5 scaling re-
lations more precisely, we investigate the scaling relations in
detail with sample B in Figure 3, where galaxies are selected
only based on ∆S0.5/S0.5 ≤ 0.05.
3.2.1 Straight line with a knee
To find the point at which the slope of the relation changes,
we hypothesise that there exists a sample limit at position
(S0.5,lim,M∗,lim) where a single linear model can no longer
describe the distribution of the sample. For all stellar mass
measurements below this M∗,lim value S0.5 values will be
normally distributed around a limiting value S0.5,lim. For
stellar masses above the M∗,lim value the scaling relation is
assumed to be a linear relation described by:
logS0.5 = a logM∗ + b (7)
We then use this combination of a linear model with a con-
stant limit cut-off in our maximum likelihood fitting routine,
assuming logM∗,i and logS0.5,i for each galaxy have Gaus-
sian uncertainties σlogM∗,i and σlog S0.5,i respectively. The
total posterior logarithmic likelihood lnL under this model
is
lnL = 1
2
∑
i
[
ln
a2 + 1
s2log S0.5,i
− (logS0.5,i − Y )
2
s2log S0.5,i
]
(8)
where Y is a linear function above M∗,lim and a constant
below M∗,lim, namely,
Y =
{
a logM∗,i + b, M∗ > M∗,lim
a logM∗,lim + b, M∗ ≤M∗,lim
(9)
and s2log S0.5,i ≡ σ2log S0.5 +σ2M∗,ia2+σ2log S0.5,i where σlog S0.5
is the intrinsic scatter of about the model. By adjusting
the fitting parameters a, b, σlog S0.5 , logM∗,lim and using
Markov Chain Monte Carlo (MCMC; Foreman-Mackey et al.
2013) we can find the model parameters that maximise the
likelihood given by Equation 8 together with their uncertain-
ties. To ensure the model is robust against outliers, we repeat
the fitting routine five times whilst rejecting points that are
> 3σ away each time (represented by triangular points in
Figure 3). The fitting method is described in more detail as
the 2D hyper-fit in Robotham & Obreschkow (2015).
3.2.2 The bends in the scaling relations
Following the fitting method described in the previous sec-
tion, we fit the linear+cutoff model to our sample B galaxies,
as shown in Figure 3; the fitted parameters and their uncer-
tainties are given in Table 2.
There are 40-50 outliers in our stellar and gas scaling
relations, mostly at logS0.5 ≥ 2.5. In the stellar scaling
relation, visual inspection of these galaxies shows them to
be contaminated by either foreground stars or (in clusters)
nearby bright galaxies. In the gas scaling relations, these
galaxies are generally ETGs with relatively larger errors in
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their gas kinematic measurements. 13 of the outliers in the
gas scaling relation are found to be merger galaxies. Remov-
ing these merger galaxies did not change the slope, intercept
or the scatter of the scaling relation. All of the outliers dis-
appear when we apply a more stringent quality cut than
∆S0.5/S0.5 ≤ 0.05.
The fitted M∗,lim for each of the gas and stel-
lar versions of the scaling relation can be con-
verted to S0.5,lim using the model. For the stellar
version of the scaling relation, the bend occurs at
(M∗,lim,stellar, S0.5,lim,stellar) = (109.6M, 61 km/s),
and for the gas version, (M∗,lim,gas, S0.5,lim,gas) =
(108.9M, 23 km/s). The fact that the bend in the stellar
and gas scaling relations occurs at different stellar mass
values suggests the nature of the bend in our scaling relation
is unlikely to be a physical phenomenon.
3.3 Effect of spaxel-level quality cut
The logM∗− logS0.5 scaling relation in our study with sam-
ple B is constructed with minimal sample selection as well as
minimal quality cut on the spaxels, in order to be as inclusive
as possible. This procedure is different from C14 and A18.
To investigate the importance of high quality spaxels, we
perform a similar spaxel-level cut where we only keep spax-
els with velocity error ∆V < 20 km/s, velocity dispersion
error ∆σ < 0.1σ+25, on top of the 5% error cut on the S0.5
parameter. The velocity dispersion spaxel selection routine
follows van de Sande et al. (2017b), which ensures spaxels
have S/N > 3A˚
−1
for σ > 35 km/s. These criteria produce
sample B1. Figure 4 shows the scaling relations produced
with sample B1, and Table 2 shows the fitting results.
By introducing spaxel-level quality cuts, the slopes of
both stellar and gas scaling relation decreased by 0.02 to 0.03
(i.e. by 2 to 3σ). The scatters of both scaling relations were
also reduced significantly. The locations of the sample limits
(Ylim, M∗,lim) remained the same. It is clear that performing
spaxel-level quality selection can increase the quality of the
scaling relations. However, by applying a spaxel-level quality
cut, sample sizes were reduced by 30% to 50%. For our study,
it is better to have larger sample sizes than scaling relations
with less scatter, as the sample will be divided further in
later sections.
3.4 Gas and stellar S0.5 disagreement
To test whether the S0.5 parameters from the stellar and
gas kinematics trace the same gravitational potentials, we
compare the rotation velocities, velocity dispersions and S0.5
measurements of stellar and gas components on a per-galaxy
basis with SAMI samples C (as described in Table 1). Galax-
ies in the sample are selected to have both gas and stellar
kinematic errors less than 5% for each of Vrot, σ and S0.5.
Figure 5a, using sample C, shows that stars in general rotate
more slowly than the gas. This is due to asymmetric drift,
where the rotation velocity of the stars is lower than that
of the gas because stars have additional pressure support
against gravity from a higher dispersion (Binney & Tremaine
2008). The mean ratio between the stellar and gas rotation
velocities is 〈Vrot,stellar/Vrot,gas〉 ∼ 0.77±0.29 which is con-
sistent with the value (∼0.75) obtained by C14.
Using sample C, where both gas and stellar σ measure-
ments have less than 5% error, the offset between the SAMI
gas and stellar FJ relations observed in C14 is reflected in
our FJ relation. The mean ratio between gas and stellar
dispersions is 〈σstellar/σgas〉 ∼ 1.58± 0.59, as shown in Fig-
ure 5b, consistent with the value (∼1.55) found by C14. We
note that σstellar > σgas for galaxies with log σgas < 2.5
is expected due to asymmetric drift. The galaxies with
log σgas > 2.5 that lie significantly above the one-to-one line
are almost entirely elliptical and S0 galaxies; these galaxies
have low gas abundance, making it harder to obtain accurate
σgas measurements and resulting in relatively larger uncer-
tainties in σgas, as shown in Figure 5b.
In C14, the gas and stellar S0.5 parameters are found
to have a mean logarithmic difference (gas− stellar) of
−0.02 dex. In our sample C, the logarithmic difference is
−0.05 dex. In Figure 5c, while the one-to-one line (black)
goes through our S0.5,gas−S0.5,stellar distribution, the best-
fit (red-dashed) line has a slope of 1.49±0.02, which suggests
a systematic disagreement between S0.5,gas and S0.5,stellar.
One explanation of S0.5,stellar > S0.5,gas for S0.5 < 100 km/s
can be traced to the fact that σstellar > σgas. However, in-
clusion of Vrot,gas component where Vrot,gas > Vrot,stellar
does not seem to sufficiently compensate S0.5gas to bring
balance between S0.5,stellar and S0.5,gas. The scatter in the
S0.5,gas − S0.5,stellar correlation increases for galaxies with
logS0.5,gas > 2.25. As in Figure 5b, this increase in scatter
can be explained by E and S0 galaxies having larger uncer-
tainties in their σgas measurements. However, in the hyper-
fit routine, measurements are error-weighted, reducing the
impact of points with large errors; moreover, with a tighter
uncertainty cut (using galaxies with <2% errors) the slope
remained significantly above unity (1.34± 0.04). Lastly, re-
stricting the sample to only include galaxies with both gas
and stellar measurements above the fitted sample limit, the
slope remained steeper than unity at 1.49 ± 0.02. This dis-
agreement between stellar and gas S0.5 parameters requires
investigation on a per-galaxy basis, especially for lower mass
(logM∗ < 9.5) galaxies where S0.5,stellar > S0.5,gas. This
will be studied in more detail in future.
3.5 IFS and aperture kinematic measurements
While IFS data provides resolved spatial information on
galaxy kinematics, compared to single fibre observations it
is observationally expensive. In order to compare the effect
of IFS data on the scaling relations, we constructed aper-
ture spectra from SAMI data cubes within a 3-arcsecond-
diameter (SDSS-like) aperture. Applying a 5% error quality
cut to the aperture velocity dispersions, we obtained σ3′′,gas
for 864 galaxies, and σ3′′,stellar for 1141 galaxies; these form
sample D (see Table 1). Figure 6 shows a comparison be-
tween average velocity dispersion σ1Re , S0.5 parameter and
σ3′′ , and their logarithmic difference as a function of Re/3
′′,
the galaxy size relative to the aperture diameter. Galaxies
are colour-coded by their 0.5V 2rot/σ
2 ratio to show the bal-
ance between Vrot and σ within the S0.5 parameter, galaxies
with 0.5V 2rot/σ
2 ratio above and below the colour bar limits
are shown in solid red and solid blue respectively.
For stellar measurements, the kinematics is mostly
pressure-supported and dominated by σ1Re , which is con-
firmed by 1098 out of 1141 galaxies having 0.5V 2rot/σ
2 < 1.
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Figure 5. Comparison between SAMI sample C gas and stellar measurements of (a) Vrot, (b) σ, and (c) S0.5. Galaxies are colour-coded
by morphology. For visibility, we show 3 standard deviation error bars. Black solid lines in each panel show the one-to-one relation. The
red dashed line in panel (c) is the best-fit line to the points. Horizontal and vertical magenta lines in panel (b) show the gas and stellar
instrumental dispersions (30 km/s and 70 km/s respectively) and in panel (c) show the fitted gas and stellar sample limits (23 km/s and
59 km/s respectively).
The inset residual plots comparing the residuals to galaxy
size indicate that galaxies with 0.5V 2rot/σ
2 > 1 have Re >
6′′, and they are furthest away from the one-to-one line in all
panels. From panel a, the increasing 0.5V 2rot/σ
2 ratio from
the line-of-best-fit confirms that σ3′′ contains a Vrot compo-
nent. Comparing panel a and c, we can see that galaxies with
0.5V 2rot/σ
2 > 1 are affected the most by replacing σ1Re with
S0.5. Since these large galaxies with high 0.5V
2
rot/σ
2 > 1 ra-
tio make up less than 5% of the sample, the scatter remained
the same between σ3′′ − σ1Re and σ3′′ − S0.5 comparisons.
The disparity due to the Vrot component between σ1Re ,
S0.5 and σ3′′ is amplified for the gas kinematics, shown
in the lower panels of Figure 6. Gas has relatively more
rotation support than stars; 386 out of 864 galaxies have
0.5V 2rot/σ
2 > 1, which makes up 44% of the sample (for stel-
lar measurements, 4%). The range of 0.5V 2rot/σ
2 values is
larger compared to the stellar measurement, as shown by
the values on the colour bar.
For both gas and stellar components, comparing σ3′′ to
σ1Re shows that σ3′′ contains additional rotation support.
However, by replacing σ1Re with S0.5 (effectively adding a
0.5V 2rot component), S0.5 for large (Re > 6
′′) galaxies be-
came significantly larger than their σ3′′ values. This indi-
cates that the rotation velocity component within σ3′′ mea-
surements is weighted less than that within the S0.5 parame-
ter. It is clear that if one wishes to match σ3′′ and S0.5, theK
value in the definition of S must be less than 0.5, but greater
than 0. For our particular purpose of constructing scaling re-
lations, we compare logM∗ − log σ3′′ and logM∗ − logS0.5
in the following section.
Even though the S0.5 parameter and 3 arcsec aperture
velocity dispersion σ3′′ for the gas and the stars cover differ-
ent parts of galaxies, they remain in broad agreement. This
agreement is encouraging because while the logM∗−logS0.5
relation applies to galaxies of all morphologies, obtaining the
S0.5 parameter requires observationally-expensive IFS data,
whereas the measuring the velocity dispersion in single-
fibre surveys is observationally relatively cheap. The residual
plots in Figure 6c indicates that σ3′′ is a fairly unbiased pre-
dictor of S0.5,stellar out to about Re = 3
′′ (rather than, as
one might have expected, Re = 3
′′/2); moreover, the scat-
ter only grows relatively gradually beyond Re = 3
′′, and
more slowly for the stellar measurements than for the gas
measurements.
3.6 Comparing IFS and aperture scaling relations
As both aperture σ and S0.5 are used in kinematic scaling re-
lations, we compare variants of the FJ relation using S0.5 and
σ3′′ in Figure 7. For both stellar and gas versions, using the
S0.5 parameter consistently provides tighter relations with
less scatter than using σ3′′ (see Table 2). This confirms that
S0.5 is a better mass proxy than single-aperture velocity dis-
persion, and suggests the promising possibility of using S0.5
to reduce the scatter in other scaling relations such as the
FP relation (e.g. Graham et al. 2017). On the other hand,
for many purposes the slight increase in scatter in the scal-
ing relation that results from using the aperture dispersion
rather than S0.5 (∼ 0.02 dex for stars and ∼ 0.03 dex for gas)
may be an acceptable trade-off for the lower observational
cost of single-fibre surveys relative to IFS surveys.
We notice in Figure 7 that choosing S0.5 over σ3′′ yields
more outliers (triangular points, excluded from the fit) that
are > 3 RMS (red dotted line) away from the line of best fit
(black line). This is due to factors such as inclination errors
and individual spaxel quality. IFS sampling radius affects
the quality of the S0.5 parameter more than single-aperture
velocity dispersion measurements. In SAMI σ3′′ measure-
ments, spectra from each spaxel are co-added to form the
aperture spectrum, which increases the signal-to-noise ratio,
and returns more reliable (albeit less accurate) kinematic
measurements.
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Figure 6. Direct comparison, using sample D, between S0.5 and σ3′′ (the 3-arcsecond-diameter aperture velocity dispersion), and average
velocity dispersion σ1Re within 1Re from gas and stellar kinematics. Their differences against apparent galaxy size are plotted in the
inset plots. Black solid lines are the one-to-one relations; red dashed lines are the best fits; points are colour coded by 0.5V 2rot/σ
2 to
indicate the dominant term in the S0.5 parameter.
Gas All Gas ETG Gas LTG
Optimal K 0.4 0.4 0.2
MADorth 0.076 0.079 0.057
Stellar All Stellar ETG Stellar LTG
Optimal K 0.7 0.3 0.2
MADorth 0.045 0.044 0.047
Table 3. Values of K that return the minimum scatter for gas
and stellar scaling relations, for each morphological sample.
3.7 Varying K
The original SK parameter introduced by Weiner et al.
(2006) combines the galaxy rotation velocity and velocity
dispersion in quadrature, weighting the rotation velocity by
the factor K. This is commonly taken to be K = 0.5, which
is correct only for virialised systems with spherical symme-
try and isotropic velocity dispersion (Kassin et al. 2007). We
empirically test the effect of changing the value of K in the
construction of the SK parameter by measuring the scatter
about the scaling relations. In this section we use sample E,
where each galaxy has both Vrot and σ with less than 10%
error for both gas and stellar kinematics. We chose 10% error
on Vrot and σ to provide a statistically large sample for de-
termining the scatter about the scaling relation, though the
results are qualitatively unaffected if we use a more stringent
sample selection.
We tested K values ranging from 0 to 3 in the logM∗−
logSK scaling relation, and measured the orthogonal me-
dian absolute deviation from the scaling relation for each K
value. We performed this test for both the gas and stellar
versions of the scaling relation, and for all galaxies as well as
separately for early-type (E and S0) and late-type (Sp and
Irr) galaxies. We then measured the scatter in the scaling
relation at every K value for each of these samples.
Figure 8 shows the effect of varying K in the logM∗ −
logSK scaling relation for gas and stellar measurements, for
both the full sample and for early-type and late-type galax-
ies; the values of K that return the minimum scatter for
each version of the scaling relation are listed in Table 3. For
the full sample and for early-type galaxies the minimum in
the scaling relation scatter is broad and spans approximately
K = 0.3–0.7. Given the uncertainties in the scatter measure-
ments, shown as shaded regions in Figure 8, K = 0.5 returns
a scatter consistent with the minimum when either ETGs
or all galaxies are considered. This consistency justifies the
common usage of K = 0.5 in the literature and the consis-
tency of analyses when K is varied (e.g. Covington et al.
2010,C14,A18). However, the late-type galaxy scaling rela-
tions, whether based on stellar or gas kinematics, have scat-
ter that is minimised over a narrower range around K = 0.2,
and marginally higher scatter for K = 0.5. While this small
coefficient for Vrot seems counter-intuitive given Vrot is the
primary component in the TF relation for LTGs, it is ap-
parent that for LTGs their σ component must be taken into
consideration. The need for properly including the σ com-
ponent can be due to effects such as beam-smearing where
Vrot decreases and σ increases. In the SK parameter, σ is
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Figure 7. Scaling relations constructed from S0.5 kinematic parameters and aperture velocity dispersions using sample D. Panels (a),
(b), (c) and (d) show scaling relations constructed between stellar mass and, respectively, S0.5,stellar, σ3′′,stellar, S0.5,gas and σ3′′,gas
measurements. Black solid lines in each panel are lines of best fit; red dashed and dotted lines define distances 1 RMS and 3 RMS away
from the line of best fit. Triangular points are measurements >3 RMS away from the line of best fit, and are excluded from the fit as
outliers. Horizontal and vertical magenta dotted lines are the fitted model limits. Fit parameters and uncertainties are given in Table 2.
For both gas and stellar measurements, S0.5 consistently produces scaling relations with less scatter than aperture velocity dispersion.
up-weighted by down-weighting the Vrot component, so that
by using the SK parameter, the effect of beam smearing is
minimised. For a broad sample of the galaxy population, the
optimum value depends on the mix of morphologies in the
sample; the specific factors that lead to this situation are
discussed in the following section.
4 DISCUSSION
4.1 SAMI scaling relations
Using integral field spectroscopy (IFS) from the SAMI Sur-
vey for a parent sample of 2720 galaxies, we re-examine the
logM∗ − logS0.5 scaling relation studied in C14. We con-
firm that the S0.5 kinematic parameter, measured from ei-
ther the stars or the gas, brings galaxies of all morpholo-
gies onto a common scaling relation with stellar mass. The
slopes of the scaling relation obtained here, both for the stars
(0.37± 0.01) and for the gas (0.42± 0.01), are steeper than
that (0.34± 0.01) obtained by C14. This difference is likely
due to the difference in stellar mass distributions, as our
sample is skewed towards higher masses (M∗ > 1010M);
C14 in fact fitted for galaxies with M∗ > 1010M and found
a steeper slope. This difference in slope is slightly decreased
when we performed spaxel-level quality cut which eliminated
some of most massive galaxies (M∗ > 1011.5M).
C14 also observed a change in slope across a mass range
of 8.5 . logM∗/M . 11.5; this apparent change in slope is
also present in our sample. C14 suggested this slope change
could be due to not accounting for the mass in neutral gas;
due to lack of HI data, we are unable to test this hypoth-
esis. However, the change in slope in our logM∗ − logS0.5
scaling relation could be due to other reasons besides not
accounting for the total baryonic mass. Possible causes in-
clude: a kinematic measurement limit due to the combined
effects of the instrumental resolution and S/N ratio, as a
reference we presented the SAMI instrument resolutions for
gas and stellar kinematics in Figure 2; the uncertainty in
the low velocity dispersion measurements positively skew-
ing the distribution of the observed velocity dispersions; a
surface brightness limit causing the low-mass sample to be
biased towards brighter galaxies with relatively high veloc-
ity dispersions; an intrinsic physical effect causing low-mass
galaxies to have higher velocity dispersions than expected
based on the linear relation for high-mass galaxies. Unfor-
tunately, with the currently available SAMI data and its
limitations in S/N ratio, spectral resolution and sample se-
lection, we cannot distinguish all of these possible causes.
However, we fitted a linear scaling relation with a cut-
off at a sample limit M∗,lim (corresponding to S0.5,lim) and
found that the sample limits in the stellar and gas versions
of the relation occur at different masses. This suggests the
bend observed in our sample is unlikely to be caused by in-
trinsic properties such as stellar mass (this is not to say that
there is no physical change in the slope of the scaling rela-
tion at some lower mass). A18 suggest galaxies with stellar
mass below logM∗/M ∼ 9.5 have more dark matter con-
tent within the effective radius as the mass decreases, so that
the dynamical mass (from S0,5 estimation) to stellar mass
ratio for low mass galaxies increases, resulting in a change in
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Figure 8. Effect of the value of K on the scatter of the SAMI
gas and stellar logM∗− logSK scaling relations. The curves show
the scatter about the relation for each colour-coded galaxy sam-
ple and the shaded regions show the 1σ uncertainties. The gas
and stellar samples are further divided into ETGs and LTGs to
determine the effect of morphology. Where SK,gas is used, the
full, ETG and LTG samples are colour-coded red, blue and pur-
ple respectively; where SK,stellar is used, the full, ETG and LTG
samples are colour-coded green, yellow and cyan respectively. The
vertical lines show the locations of the minimum scatter for each
sample (n.b. the red and blue vertical lines are over-plotted).
slope in logM∗ − logS0.5. Unfortunately, while we do have
galaxies in our sample with logM∗/M < 9.5, the range of
low-mass galaxies does not extend down to 107–108M. For
future work, high S/N IFS observations of low-mass galaxies
with higher spectral resolution (σres ∼ 10 km/s) will be nec-
essary to fully determine the linearity of the stellar scaling
relation throughout the 7 . logM∗/M . 12 mass range
(e.g. using Hector, Bryant et al. 2016).
4.2 IFS and aperture kinematics
In Section 3.5 and 3.6 we compared measurements of the
S0.5 parameter and the aperture velocity dispersion and
found surprisingly good agreement between the two kine-
matic tracers (as seen in Figure 6). This agreement is in-
teresting because, while both S0.5 and σ3′′ are measures of
galaxy internal motions, they measure those motions differ-
ently. By definition, σ3′′ measures the second moment of the
LOSVD integrated over a 3-arcsecond-diameter aperture, in-
cluding the effect of rotation velocity. For S0.5, the σ compo-
nent is a luminosity-averaged quantity from LOSVD disper-
sions measured locally over an aperture (here up to 1Re).
By combining these local dispersion measurements with a
global rotation measurement Vrot via a suitable scaling fac-
tor, S0.5 produces tighter scaling relations with M∗ than σ3′′
(as seen in Figure 7 and Section 3.6).
The extra information provided by IFS and the more
complex calculation involved in deriving S0.5 thus provide
a better understanding of this scaling relation (and others).
However, IFS is observationally expensive while fibre surveys
are observationally cheap. So for purposes requiring very
large samples (e.g. exploring the effect of environment on
scaling relations for galaxies of different morphological types
or using scaling relations to derive distances and peculiar
velocities) aperture dispersions may be a more efficient and
economical choice.
4.3 The importance of K
The motivation for using K = 0.5 in the SK parameter
originates from the virial theorem prediction of the rela-
tion between circular velocity and velocity dispersion for an
isothermal sphere, Vcirc ∝ √α ·σ, where α is a constant that
describes the density profile of the system. We have found
empirically that the scatter depends weakly on the value of
K, with minimum scatter occurring between K = 0.2 and
K = 0.7.
There are a number of possible factors that can theo-
retically influence the value of K:
(1) Solutions to the Jeans equation. The convention of
K = 0.5 originates from the singular sphere case of the Jeans
equation, where the circular velocity is given by:
V 2circ =
GM(r)
r
= −σ2 d ln ρ
d ln r
(10)
where ρ and r are the density and radius. For isothermal
spheres, ρ ∝ σ2/r2, and at large radius d ln ρ/d ln r ∼ −2;
therefore V 2circ ∼ 2σ2 (Binney & Tremaine 2008, Sec-
tion 4.3.3b). As we measure Vrot via the velocity width tech-
nique, V 2rot ≡ V 2circ ∼ 2σ2, so K = 0.5 corresponds to equally
weighting Vrot and σ, which would be optimal if they have
similar uncertainties. Note that this conclusion makes as-
sumptions about the galaxy density profile, the radius at
which the kinematics are measured, and the relative preci-
sion of the Vrot and σ measurements—almost no real galax-
ies or kinematic observations satisfy all these assumptions.
Nonetheless, as we have seen in Section 3.7, K = 0.5 is still
close to optimal.
(2) Velocity distribution function. The value of K de-
pends on the velocity distribution function of a galaxy, and
in particular on the bulge-to-disk ratio and the V/σ ra-
tio for each of the bulge and disk components. In the case
of pressure-supported systems with negligible rotation, the
average stellar line-of-sight velocity dispersion σLOS is a
weighted sum of directional components σr, σθ and σφ. Ex-
cluding observational artefacts, the combination of compo-
nents is dictated by the anisotropy parameter (Binney &
Tremaine 2008, Eqn 4.61)
β ≡ 1− σ
2
θ + σ
2
φ
2σ2r
(11)
Depending on whether the distribution function of stars is
tangentially biased (β < 0), radially biased (β > 0) or
isotropic (β = 0), the combination of σr, σθ and σφ making
up σLOS will be different. Thus the K value needs to be
adjusted to correct for the unobserved components of σLOS .
MNRAS 000, 1–14 (2018)
SAMI mass-kinematics scaling relations 13
(3) Observational artefacts. Since the optimal K value is
determined by comparing the scatter in the logM∗− logS0.5
relation, the quality of kinematic parameter measurements
and the scatter of the scaling relation are crucial. Covington
et al. (2010) have shown with numerical simulations that
instrument blurring effects such as spatial resolution and
seeing, which contribute to the scatter in the TF relation,
do not show significant effects on the measured S0.5 values.
A18 also performed a detailed kinematic analysis with spa-
tially resolved rotation velocity measurements. They found
that the S0.5 parameter consistently reduced the scatter in
scaling relations, taking into account the uncertainties in
the Vrot measurement for dispersion-dominated systems. In
Section 4.1, we noted that there could be multiple extrin-
sic causes for a non-linear scaling relation and/or increased
scatter, including S/N ratios, instrument resolution, sam-
ple selection, and kinematic uncertainties. Thus the best K
value is determined by a combination of intrinsic dynamical
properties and observational artefacts. In order to use the
logM∗−logSK scaling relation to predict physical attributes
of observed systems, it is crucial to make sure the scatter in
the scaling relation is not dominated by systematic error.
5 CONCLUSIONS
In this paper we present the logM∗−logS0.5 scaling relation
constructed from the SAMI Galaxy Survey. The S0.5 param-
eter is useful in bringing galaxies of all morphologies onto a
common relation. With no sample pruning (other than S/N
quality cuts) the scatter in the logM∗ − logS0.5 relation is
significantly less than the TF and FJ relations constructed
from the same sample. Interestingly, applying only a relative
error cut on S0.5, without any spaxel-level quality cut, still
provides a tight scaling relation. Both the stellar and gas ver-
sions of the logM∗ − logS0.5 scaling relation have a sample
limit where the relation deviates from a linear relation. We
found the sample limits occur at different stellar masses for
the gas and stellar samples, implying that the apparent non-
linearity in the relation is not physical; this is emphasised
by the fact that the S0.5,lim values corresponding to these
mass cut-offs are proportional to the effective instrumental
resolutions for the stellar and gas measurements.
Comparing S0.5 to single-aperture velocity dispersion
σ3′′ shows excellent agreement between the two parameters.
For the gas measurements the residuals σ3′′,gas − S0.5,gas
trend negatively with galaxy angular size, while for the stel-
lar measurements the residuals σ3′′,stellar − S0.5,stellar show
no correlation with galaxy angular size. In constructing the
mass scaling relations, S0.5 consistently produced less scat-
ter than σ3′′ .
In order to test the importance of choosing an optimal
value of K in the construction of the Sk parameter, we mea-
sured the scatter of the scaling relations at different values
of K. By investigating the correlation between the scatter
of the scaling relation and the value of K in the SK param-
eter, we found that for both stellar and gas measurements
K = 0.5 is close to producing the minimum scatter for sam-
ples containing only ETGs or mixtures of ETGs and LTGs;
however, for samples containing only LTGs K = 0.2 gave
significantly less scatter.
These findings are broadly consistent with previous
studies by C14 using early release of SAMI data and A18
using CALIFA data.
The S0.5 kinematic parameter allows the construction
of a robust and inclusive galaxy scaling relation with rela-
tively little scatter. The tight correlation between S0.5 and
σ3′′ implies that a scaling relation with only slightly greater
scatter can be constructed for galaxies of all morphologies
using large-scale single-fibre galaxy surveys.
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